Band to Band Transitions Band to Band Transitions Optical Properties of Semiconductors Optical Properties of Semiconductors
We can examine the relationship We can examine the relationship between bonding (spatial and energetic between bonding (spatial and energetic overlap) and optical properties by overlap) and optical properties by considering the band-gaps of those considering the band-gaps of those compounds which adopt the compounds which adopt the Sphalerite Sphalerite/ / Diamond structure, with all ions in Diamond structure, with all ions in tetrahedral coordination tetrahedral coordination (see figure to the right). (see figure to the right).
Since electronic transitions from the Since electronic transitions from the valence to conduction band span a fairly valence to conduction band span a fairly large range of energies, semiconductors large range of energies, semiconductors act as sort of a long pass filter (only act as sort of a long pass filter (only reflecting light with energy less than reflecting light with energy less than the band gap). This can give rise to only the band gap). This can give rise to only certain colors. certain colors. 
When When ionicity ionicity and overlap effects are in opposite directions, the overlap effect dominates and overlap effects are in opposite directions, the overlap effect dominates 
Bandgap

Bandgap Engineering Engineering
By forming solid solutions of different semiconductors electrical engineers are By forming solid solutions of different semiconductors electrical engineers are able to design materials and junctions with specific band gaps. This approach able to design materials and junctions with specific band gaps. This approach often called band gap engineering is used to fabricate a number of devices, often called band gap engineering is used to fabricate a number of devices, such as LED's, semiconductor (diode, such as LED's, semiconductor (diode, heterojunction heterojunction, quantum well) lasers, , quantum well) lasers, photodectors photodectors, solar cells, etc. In this field it is important to consider (a) the , solar cells, etc. In this field it is important to consider (a) the band gap of the two end members, (b) the lattice match between materials, (c) band gap of the two end members, (b) the lattice match between materials, (c) direct vs. indirect gap materials. direct vs. indirect gap materials.
Figures taken from "Semiconductor Optoelectronic Devices", by P. Bhattacharya
Heterojunction laser
The GaAs (E g =1.4 eV, a=5.65A) :
AlAs (E g =2.1 eV, a=5.66A) is among the most important for optoelectronic devices, because of the excellent lattice matching.
Chemistry 754 -Solid State Chemistry Chemistry 754 -Solid State Chemistry
Forward bias at a p-n junction forces minority Forward bias at a p-n junction forces minority carriers across the junction. 
Ruby Red Ruby Red
This figure (taken from "The Physics and Chemistry of Color, by Kurt Nassau) shows This figure (taken from "The Physics and Chemistry of Color, by Kurt Nassau) shows the two spin allowed transitions for Cr the two spin allowed transitions for Cr 3+ 3+ in ruby give rise to absorption in the violet in ruby give rise to absorption in the violet and the green. Since the transmission in the red is much more than the transmission in and the green. Since the transmission in the red is much more than the transmission in the blue rubies are red. The the blue rubies are red. The 2 2 E E → → 4 4 A A 2 2 fluorescence adds to the deep red color of a fluorescence adds to the deep red color of a ruby. ruby.
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Emerald Green Emerald Green
This figure (also taken from "The Physics and Chemistry of Color", by Kurt Nassau) This figure (also taken from "The Physics and Chemistry of Color", by Kurt Nassau) shows the transitions for Cr shows the transitions for Cr 3+ 3+ in beryl. The crystal field splitting is a little bit smaller in beryl. The crystal field splitting is a little bit smaller than ruby, so that the lower energy absorption is shifted to lower energy taking out than ruby, so that the lower energy absorption is shifted to lower energy taking out much of the reflectance of red light and changing the color to green. much of the reflectance of red light and changing the color to green. -2.07 -2.07 eV eV). Thus it has some ). Thus it has some transmittance transmittance in the red and a fairly in the red and a fairly large large transmittance transmittance in the blue-green region of the spectrum. This in the blue-green region of the spectrum. This leads to very interesting color and optical properties. leads to very interesting color and optical properties.
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In the presence of reddish light, as from a candle or an In the presence of reddish light, as from a candle or an incandescent light source, incandescent light source, it is deep red in color. Resembling a ruby.
it is deep red in color. Resembling a ruby.
In the presence of light with a major component in the blue/UV In the presence of light with a major component in the blue/UV region of the spectrum, such as sunlight or fluorescent light, the region of the spectrum, such as sunlight or fluorescent light, the reflectance in the blue-green region of the spectrum dominates and reflectance in the blue-green region of the spectrum dominates and alexandrite alexandrite resembles an emerald. resembles an emerald. 
Anion to Metal Charge Transfer Anion to Metal Charge Transfer
Normally charge transfer transitions from an anion (i.e. O Normally charge transfer transitions from an anion (i.e. O 2-2-) to a cation ) to a cation fall in the UV region of the spectrum and do not give rise to color. fall in the UV region of the spectrum and do not give rise to color. However, d However, d 0 0 cations in high oxidation states are quite electronegative cations in high oxidation states are quite electronegative lowering the energy of the transition metal based LUMO. This moves the lowering the energy of the transition metal based LUMO. This moves the transition into the visible region of the spectrum. The strong covalency of transition into the visible region of the spectrum. The strong covalency of the metal-oxygen bond also strongly favors tetrahedral coordination, the metal-oxygen bond also strongly favors tetrahedral coordination, giving rise to a structure containing isolated MO giving rise to a structure containing isolated MO 4 4 n- 
Emission of Light Emission of Light
The optical properties of extended solids are utilized not only The optical properties of extended solids are utilized not only for their color, but also for the way in which they emit light. for their color, but also for the way in which they emit light.
Luminescence -Emission of light by a material as a consequence Luminescence -Emission of light by a material as a consequence of it absorbing energy. There are two categories: of it absorbing energy. There are two categories: Absorbs the incident energy (photon or excited electron). Often times the host lattice acts as the Often times the host lattice acts as the sensitizer sensitizer. .
Activator Activator --The site where the electron
The site where the electron radiatively radiatively relaxes. Some relaxes. Some common ions which act as activators: common ions which act as activators:
Host Lattice Host Lattice --Typically, the host lattice should have the following
Typically, the host lattice should have the following properties: properties:
• •Large Band Gap -So as not to absorb the emitted radiation. Large Band Gap -So as not to absorb the emitted radiation.
• •Stiff -Easily excited lattice vibrations can lead to nonStiff -Easily excited lattice vibrations can lead to non-radiative radiative relaxation, relaxation, which decreases the efficiency. which decreases the efficiency. ) ) λ λ max max = 580 = 580 nm nm
Sensitizers
Tricolor Fluorescent Lights Tricolor Fluorescent Lights
Tricolor fluorescent lights are more commonly used today because they give Tricolor fluorescent lights are more commonly used today because they give off warmer light, due to more efficient luminescence in the red region of the off warmer light, due to more efficient luminescence in the red region of the spectrum. Such lights contain a blend of at least three phosphors. spectrum. Such lights contain a blend of at least three phosphors.
• The following guidelines were put forward* as guidelines for the most The following guidelines were put forward* as guidelines for the most desirable features of the electronic band structure for a TCO material. desirable features of the electronic band structure for a TCO material. (*See Freeman, et al. in MRS Bulletin, August 2000 , (*See Freeman, et al. in MRS Bulletin, August 2000 . 45-51) • •A highly disperse single s-band at the bottom of the conduction band. A highly disperse single s-band at the bottom of the conduction band.
--in order to give the carriers (electrons) high mobility in order to give the carriers (electrons) high mobility --To achieve this condition we need main group s To achieve this condition we need main group s 0 0 ions ( are of roughly the proper energy) • •A splitting of this band from the rest of the conduction band A splitting of this band from the rest of the conduction band --in order to keep the plasma frequency in the IR range in order to keep the plasma frequency in the IR range --Direct M Direct M ns ns -M -M ns ns interactions across the shared octahedral edge are interactions across the shared octahedral edge are useful to stabilize the s-band useful to stabilize the s-band wrt wrt the rest of the CB. the rest of the CB.
